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(54) Negative pressure booster 

(57) A negative pressure booster comprises a 
repulsion force mechanism 24 provided among a valve 
cylinder 1 0, a valve piston 18 and an output rod 25. The 
repulsion force mechanism 24 includes: a flexible piston 
22 positioned between the valve cylinder 10 and the 
output rod 25; a repulsion force piston 17 positioned fac- 
ing the flexible piston 22 on the side opposite the output 
rod 25 and having a smaller diameter than the flexible 



piston 22; and a spring 48 positioned between the repul- 
sion force piston 1 7 and the valve piston 1 8 and impos- 
ing a setup load thereon in the direction of contraction. 
In the valve cylinder, there is provided a stopper 45 sup- 
porting the front end of the valve piston 1 8 before the 
limit of the contraction of the spring 48 is reached. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001] The present invention relates to a negative 
pressure booster used for a toggle operation of a brake 
master cylinder of a motor vehicle. More particularly, the 
invention relates to an improvement for a negative pres- 10 
sure booster including: a booster shell; a booster piston 
which is accommodated inside the booster shell and 
partitions the interior thereof into a front negative pres- 
sure chamber communicating with a negative pressure 
source, and a rear operation chamber; a valve cylinder 15 
communicating with the booster piston; a valve piston 
fitted into the valve cylinder to be slidable in a forward 
and backward direction of the valve piston; an input rod 
coupling with the valve piston at a front end thereof; a 
control valve for switching to communicate the operation 20 
chamber with either the negative pressure chamber or 
an air between the valve piston and the valve cylinder, in 
accordance with the forward and backward movement 
of the input rod; an output rod slidably fitted into the 
valve cylinder; and a repulsion force mechanism pro- 25 
vioed among the valve cylinder, the valve piston and the 
output rod, and including a flexible piston that is posi- 
tioned between the valve cylinder and the output rod, a 
repulsion force piston that is positioned facing the flexi- 
ble piston on the side opposite the output rod and that 30 
has a smaller diameter than the flexible piston, and a 
spring that is positioned between the repulsion force 
piston and the valve piston and that imposes a setup 
load thereon in the direction of contraction. 

35 

2. Description of the Related Art 

[0002] Such a negative pressure booster is already 
known as disclosed in, for example, Japanese Patent 
Unexamined Publication No. Hei.1 0-1 00887. 40 
[0003] In a conventional negative pressure booster, 
a flange is formed on the outer periphery of the middle 
portion of the repulsion force piston, and a retainer is 
coupled with the rear end of the repulsion force piston 
so as to be slidable in a constant stroke. Between the 45 
retainer and the flange, a spring is so arranged that 
when the spring has been contracted by a predeter- 
mined amount, the retainer abuts upon the repulsion 
force piston, and an input obtained from the input rod is 
transmitted from the valve piston, through the retainer, so 
to the repulsion force piston and the flexible piston. 
Thereafter, the output reaches a toggle limit point. 
[0004] As shown in the output characteristic graph 
in Fig. 5, in such a conventional negative pressure 
booster the toggle force ratio, i.e., the ratio of the output 55 
to the input, is increased in a region where the spring is 
contractedly deformed, and is reduced after that region 
has been passed. Thus, the output characteristic is 



shifted away from a secondary curve ideal for braking, 
so that deterioration of the operating function occurs. 

SU M MA RY PFTHE INVENTION 

[0005] To resolve this problem, it is one objective of 
the invention to provide a negative pressure booster for 
approximating the output characteristic of an output rod 
to a secondary curve ideal for braking until the output 
reaches the toggle limit point 

[0006] To achieve the above objective, according to. 
a first aspect of the invention, a negative pressure 
booster comprises: a booster shell; a booster piston 
accommodated inside the booster shell and partitioning 
the interior thereof into a front negative pressure cham- 
ber communicating with a negative pressure source, 
and a rear operation chamber; a valve cylinder commu- 
nicating with the booster piston; a valve piston fitted into 
the valve cylinder to be slidable in a forward and rear- 
ward direction of the valve cylinder; an input rod cou- 
pling with the valve piston at a front end thereof; a 
control valve switching communication of the operation 
chamber with the negative pressure chamber and with 
air in accordance with a forward and rearward move- 
ment of the input rod; an output rod slidably fitted into 
the valve cylinder; a repulsion force mechanism pro- 
vided among the valve cylinder, the valve piston and the 
output rod, the repulsion force mechanism including: a 
flexible piston interposed between the valve cylinder 
and the output rod; a repulsion force piston facing the 
flexible piston on the side opposite the output rod and 
having a small diameter than the flexible piston; and a 
spring interposed between the repulsion force piston 
and the valve piston and imposing a setup load thereon 
in the contraction direction; and a stopper provided in 
the valve cylinder and supporting a front end of the 
valve piston before the spring is reached at the contrac- 
tion limit 

[0007] According to this aspect, when the input pro- 
vided via the input rod is less than the setup load 
imposed on the spring while the input rod is moved for- 
ward, the output produced by the output rod is 
increased at a toggle ratio consonant with the ratio of 
the pressure imposed by the repulsion force piston on a 
reception area to the pressure imposed by the operating 
piston that abuts upon the flexible piston, because the 
input rod and the repulsion piston form a single rigid 
member. 

[0008] When the input provided via the input rod 
exceeds the setup load imposed on the spring, the 
spring is compressed between the valve piston and the 
retainer, and one part of the repulsion force that is 
exerted by the flexible piston on the repulsion force pis- 
ton is absorbed, so that the toggle ratio seems to be 
increased. 

[0009] Since the toggle limit point is reached by 
bringing the valve piston into contact with the stopper of 
the valve cylinder before the limit of the contraction of 
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the spring is reached, the reduction of the toggle ratio 
can be avoided. Thus, for effective braking, at the toggle 
limit point the output characteristic of the output rod can 
approximate an ideal secondary curve. 
[0010] Further, in addition to the first aspect, 
according to a second aspect of the invention a support 
shaft projects outward from the front portion of the valve 
piston, and the spring is positioned between the valve 
piston and a retainer, which is coupled with the support 
shaft, so that it slides along the support shaft at a con- 
stant stroke distance. 

[0011] According to this aspect, a coil spring and 
the retainer, which are small parts, are coupled together 
with the valve piston to constitute an assembly that 
communicates with the input rod. Thus, during the 
assembly of the negative pressure booster, the small 
coil spring and the retainer can be attached to the valve 
cylinder, at predetermined locations, at the same time 
as the input rod is inserted into the valve cylinder. As a 
result, an efficient assembly process can be imple- 
mented. 

E3RI5F DESCR IPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a vertical cross-sectional view of a tandem- 
type negative pressure booster according to one 
embodiment of the present invention, wherein an 
input rod is in a quiescent state; 
Fig. 2 is an enlarged view showing a portion 
denoted by reference character II of Fig. 1 ; 
Fig. 3 is a explanation view of an operation corre- 
sponding to Fig. 2, showing the toggle limit state for 
the negative pressure booster; 
Fig. 4 is a graph showing the toggle characteristic 
of the negative pressure booster; and 
Fig. 5 is a graph showing the toggle characteristic 
of a conventional negative pressure booster. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] The preferred embodiment of the invention 
will now be described while referring to the accompany- 
ing drawings. 

[0014] In Figs. 1 and 2, a booster shell 1 for a neg- 
ative pressure booster B includes: a pair of front and 
rear shell hemispheres 1a and 1b, whose opposite ends 
are coupled with each other; and a partition plate 1c 
sandwiched between the shell hemispheres 1 a and 1 b 
to partition the inside of the booster shell 1 into a front 
shell chamber 2 and a rear shell chamber 3. The rear 
shell hemisphere 1b is secured to the front wall F of a 
vehicle compartment by a bolt 8, and a cylinder body 
Ma of a master brake cylinder M which is operated by 
the booster B is fixed to the front shell hemisphere 1 a by 
a bolt 9. 



[0015] The front shell member 2 is partitioned into a 
front negative pressure chamber 2a on the front side 
and a front operation chamber 2b on the rear side by a 
front booster piston 4, which is mounted to reciprocally 

5 move forward and backward within the front shell cham- 
ber 2, and a front diaphragm 5, which is coupled with 
the front booster piston 4 so as to overlap its rear face 
and sandwiched between the front shell hemisphere 1a 
and the partition wall 1c. The front negative pressure 

to chamber 2a is connected to a negative pressure source 
V (e.g., the inside of an intake manifold of an internal 
combustion engine) through a negative pressure intro- 
ducing tube 14. 

[001 6] The rear shell chamber 3 is partitioned into a 

is rear negative pressure chamber 3a at the front side and 
a rear operation chamber 3b at the rear side by a rear 
booster piston 6, which is mounted to reciprocally move 
forward and backward, within the rear shell chamber 3, 
and a rear diaphragm 7, which is coupled together with 

20 the rear booster piston 6 so as to overlap its rear face 
and which, together with the partition plate 1c, is sand- 
wiched between the shell hemispheres 1a and 1b. 
[0017] The front and rear booster pistons 4 and 6 
are annular and are made of steel plate. They are cou- 

25 pled with each other by a valve cylinder 1 0 of synthetic 
resin, that is fixed at the center position thereof. The 
valve cylinder 10 is slidably supported relative to the 
partition plate 1c via a sealing member 1 1 , and is also 
slidably supported by a sealing member 13 by a rear- 

30 ward extending tube 12 formed centrally of the rear shell 
hemisphere 1b. The retraction limit of the booster pis- 
tons 4 and 6 is defined when a number of protrusions 7a 
formed on the rear face of the rear diaphragm 7 are 
brought into contact with the rear wall of the booster 

35 shell 1 . 

[0018] In the valve cylinder 10, there are disposed a 
valve piston 18, an input rod 20 coupled with the varve 
piston 18, and a control valve 38, which, in accordance 
with the forward and backward movement of the input 

ao rod 20, switches to communicate the operation cham- 
bers 2b and 3b either with the negative pressure cham- 
bers 2a and 3a or with the atmosphere. 
[0019] The valve piston 18 includes a coupling 
cylindrical part 18a, a piston part 18b that is integrally 

45 formed with the front portion of the coupling cylindrical 
part 18a, and an air introduction valve seat 31 integrally 
formed with the rear portion of the coupling cylindrical 
part 1 8a. A spherical front end 20a of the input rod 20 is 
fitted into the inside of the coupling cylindrical part 1 8a, 

so and a part 19 on the coupling cylindrical part 18a is 
clamped as a stopper. As a result, the input rod 20 is 
swingably coupled with the valve piston 1 8. 
[0020] The valve cylinder 10 includes a first com- 
munication path 28a communicating with the front and 

55 rear negative pressure chambers 2a and 3a, a second 
communication path 28b communicating with the front 
and rear operation chambers 2b and 3b, a first port 29a 
communicating with the first communication path 28a 
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and opening in the inner periphery of the valve cylinder 
10, and a second port 29b communicating with the sec- 
ond communication path 28b and opening in the inner 
periphery of the valve cylinder 10 before the first port 
29a. An annular negative pressure introduction valve 
seat 30 is formed on the inner periphery of the valve cyl- 
inder 10 in the middle portion of the forward and rear- 
ward direction of the first and second ports 29a and 29b. 
A cylindrical valve piston 18 is slidably fitted inside the 
front of the valve cylinder 1 0. An annular air introduction 
seat 31 is formed on the rear of the valve piston 1 8 and 
is enclosed by the negative pressure introduction valve 
seat 30 so as to hold an annular path 32 communicating 
with the second port 29b. A valve 34 is disposed inside 
the valve cylinder 10 and faces the negative pressure 
introduction valve seat 30 and the air introduction valve 
seat 31 to be commonly contactable with these seats. 
The valve 34 includes an annular valve portion 34a at 
the front end thereof, which faces the negative pressure 
introduction valve seat 30 and the air introduction valve 
seat 31 so as to seat these seats 30 and 31 , an annular 
attachment bead portion 34b at the rear end, and a dia- 
phragm 34 at the middle portion thereof, which couples 
the portions 34a and 34b together so that they can be 
relatively displaced in the axial direction. The attach- 
ment bead portion 34b is attached to the front end of a 
cylindrical valve holder 35, which is fitted into the inner 
peripheral surface of the valve cylinder 10 at the rear 
end thereof, so that the valve 34 is attached to the inner 
peripheral surface of the valve cylinder 10. A valve 
spring 36 urging the valve portion 34a toward a direction 
seating at the valve seats 30 and 31 is contractedly pro- 
vided between the valve portion 34a and the input rod 
20. 

[0021] With the above structure, the valve seats 30 
and 31, the valve 34 and the valve spring 36 constitute 
the control valve 38. 

[0022] An inward flange 1 2a with an air introduction 
inlet 39 opened centrally is integrally formed at the rear 
end of the rear extending cylinder 1 2. A stopper plate 40 
for defining the retraction limit of the input rod 20 in con- 
tact with the inside of the flange 12a is fixed to the input 
rod 20 to be adjustable in the forward and backward 
direction. The input rod 20 is urged toward the retraction 
limit by an input return spring 41 which is supported by 
a valve holder 35. 

[0023] An air filter 42 is mounted on the inner 
periphery of the rear end of the valve cylinder 10. 
Through the air filter 42, the inner periphery of a first 
valve seat 30a is always communication with the air 
introduction inlet 39. The air filter 42 has flexibility so 
that the forward and backward movement of the input 
rod 20 relative to the valve cylinder 10, is not impeded. 
[0024] The valve cylinder 10 is stepwise formed 
with a small cylinder hole 16a with a small diameter, a 
medium cylinder hole 16b with a medium diameter, and 
a large cylinder hole 16c with a large diameter, in order 
from the front end side. The valve piston 18 is slidably 



fitted into the large cylinder hole 16c. A boundary step 
45 between the medium cylinder hole 16b and the large 
cylinder hole 1 6c is used as a stopper with which the 
front end surface of the piston 1 8b of the valve piston 1 B 
5 is brought into contact at the toggle operation. 

[0025] At the front end of the piston portion 18b, 
there are formed a recessed portion 1 8c and a support 
shaft 46 projecting from the center of the bottom of the 
recessed portion 18a. The support shaft 46 includes a 
io large-diameter shaft portion 46a being the base thereof, 
and a small-diameter shaft portion 46b projecting from 
the distal end of the large-diameter shaft portion 46a. A 
boss 47a of a retainer 47, that is positioned inside the 
medium cylinder hole 16b, is slidably fitted into the 
is small-diameter shaft portion 46b. A coil spring 48 is 
mounted between the retainer 47 and the bottom of the 
recessed portion 18a of the piston portion 18b, while a 
constant setup load is imposed on the spring 48 in the 
direction of contraction. 
20 [0026] A washer 49 for supporting the front end of 
the boss 47a of the retainer 47 is mounted on the distal 
end of the small-diameter shaft portion 46b. Further, in 
order to prevent the escape of the washer 49, an exten- 
sion portion 50 is formed at the distal end of the small- 
25 diameter shaft 46b by clamping. 

[0027] The boss 47a of the retainer 47 can slide 
along the small -diameter shaft portion 46b between a 
position whereat the boss 47a is supported by the 
washer 49 and a position whereat it contacts with the 
30 front end of the large-diameter shaft portion 46a. The 
sliding distance a is set so as to be slightly greater than 
the distance b between the valve piston 1 8 and the stop- 
per 45 when the control valve 38 is in the neutral state. 
The contraction limit of the coil spring 48 is regulated 
35 when the boss 47a of the retainer 47 contacts with the 
front end of the large-diameter shaft poriton 46a. There- 
fore, according to the setting of the distance a > b, when 
the input rod 20 Is moved forward, the valve piston 18 
contacts with the stopper 45 of the valve cylinder 10 
40 before the contraction limit of the coil spring 48 is 
reached. 

[0028] The repulsion force piston 1 7 contacting with 
the front end of the retainer 47 is slidably fitted into the 
small cylinder hole 16a. A recessed portion 51 for 
45 receiving the distal end of the support shaft 46 when the 
coil spring 48 is contracted is formed in the rear of the 
repulsion force piston 17. 

[0029] An operation piston 1 5 having a larger diam- 
eter than the repulsion force piston 17 is formed in the 
so front end of the valve cylinder 1 0, and the small cylinder 
hole 16a is opened in the center of the front face of the 
operation piston 15. A cup 21 is slidably fitted over the 
outer periphery of the operation piston 15. In the cup 21, 
a fiat flexible piston 22 is inserted in such a manner as 
55 to face the operation piston 15 and the repulsion force 
piston 17. Then, when the negative pressure booster B 
is not operated, a perdete mined gap g is defined 
between the repulsion force piston 1 7 and the flexible 
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piston 22. 

[0030] The operation piston 1 5, the repulsion force 
piston 1 7, the flexible piston 22 ( the coil spring 48 and 
the cup 21 together constitute a repulsion force mecha- 
nism 24, which transmits to the output rod 25, a com- 
bined force consisting of that the input to the input rod 
20 and the thrust forces produced by the booster pis- 
tons 4 and 6. 

[0031] The output rod 25 protrudes from the front 
face of the cup 21 , and is connected to a piston Mb in 
the brake master cylinder M. A retainer 26 is also dis- 
posed such as to contact with the cup 21 and the front 
end face of the valve cylinder 10, and a valve return 
spring 27 is contractedly disposed between the retainer 
26 and the front wall of the booster shell 1 . 
[0032] A description will now be given for the oper- 
ation for this embodiment. 

[0033] As is shown in Fig. 1, when the negative 
pressure booster B is in a quiescent state, the input rod 
20 is positioned at the retraction limit. The control valve 
38 is in the neutral state when the valve 34 is seated on 
the air introduction valve seat 31 and the negative pres- 
sure introduction valve seat 30, so that the operation 
chambers 2b and 3b do not communicate with the neg- 
ative pressure chambers 2a and 3b and the air introduc- 
tion inlet 39. By such a control valve 38, a negative 
pressure from a negative pressure source, which is sup- 
plied through the negative pressure introduction tube 
1 4, is stored in the negative pressure chambers 2a and 
3a, while a negative pressure that is suitably diluted with 
air is held in the operation chambers 2b and 3b. As a 
result, a small advance force, which is produced by a 
slight pressure difference either between the front neg- 
ative pressure chamber 2a and the operation chamber 
2b or between the rear negative pressure chamber 3b 
and the operation chamber 3b, is exerted on the front 
and rear booster pistons 4 and 6. The advance force 
and the force exerted by the valve return spring 27 are 
balanced, so that the booster pistons 4 and 6 are halted 
at a position slightly in advance of the retraction limit. 
[0034] When a driver of a vehicle steps on the brake 
pedal P to brake the vehicle and then the input rod 20 is 
advanced, the valve piston 1 8 is also advanced. Since 
the booster pistons 4 and 6 are initially immovable, the 
air introduction valve seat 31 is separated from the valve 
34 by moving the valve piston 18 forward, and the sec- 
ond port 29b communicates with the air introduction 
inlet 39 via the annular communication path 32 and the 
valve 34. As a result, air that has entered the valve cyl- 
inder 10 through the air introduction inlet 39 passes 
through the air introduction valve seat 31 and is swiftly 
introduced into the operation chambers 2b and 3b via 
the second port 29b. Thus, the pressure is boosted in 
both chambers 2b and 3b so that it is higher than that in 
the negative pressure chambers 2a and 3a, and based 
on this pressure difference, a strong forward thrust is 
obtained. As a result, together with the valve cylinder 10 
and the operation piston 15, the booster pistons 4 and 6 



advance with good response to the movement of the 
input rod 20 against the force exerted by the valve 
return spring 27. The operation piston 15 drives the cup 
21 via the flexible piston 22, i.e., impels the output rod 

5 25 forward to drive the piston Mb of the brake master 
cylinder M. Accordingly, the Individual wheel cylinders of 
the vehicle are operated to thereby brake the vehicle. 
[0035] As is shown in Fig. 2, the predetermined gap 
g is initially formed between the repulsion force piston 

w 1 7 and the flexible piston 22. When the flexible piston 22 
is compressed by the repulsion force as the output rod 
25 is moved, the flexible piston 22 partially enters the 
small cylinder hole 16a. Therefore, the repulsion force 
provided by the output rod 20 is not transmitted to the 

is input rod 20 until the repulsion force piston 1 7 advanc- 
ing with the input rod 20 is brought into contact with a 
part of the flexible piston 22. The output provided by the 
output rod 25 shows the jumping characteristic that 
rises dramatically as indicated by line a-b in Fig. 4, and 

20 a useless gap in the master cylinder M or in a wheel cyl- 
inder can be eliminated at an early stage. 
[0036] After the repulsion force piston 17 contacts 
the flexible piston 22, the thrust force of the booster pis- 
tons 4 and 6 exerted on the operation piston 1 5, and the 

25 depression force (input) of the driver exerted from the 
input rod 20 via the valve piston 18 and the coil spring 
48 on the repulsion force piston 1 7 act on the rear end 
of the flexible piston 22. Further, the operation repulsion 
force of the output rod 25 acts on the front end of the 

30 flexible piston 22, and a part of the operation force of the 
output rod 25 is transmitted via the flexible piston 22 to 
the input rod 20. 

[0037] So long as strength of the input at the input 
rod 20 is less than the setup load imposed on the coil 

35 spring 48, since the input rod 20 and the repulsion force 
piston 17 constitute a single rigid member, the output at 
the output rod 25 is increased at a toggle ratio that is 
consonant with the ratio of pressure -receiving areas of 
the operation piston 15 and the repulsion force piston 

40 17, which are abutted to the flexible piston 22, as indi- 
cated by line b-c in Fig. 4. Thus, the driver suitably feels 
the magnitude of the output produced by the output rod 
25. 

[0038] When the strength of the input at the input 
45 rod 20 exceeds the setup load of the coil spring 48, the 
coil spring 48 is compressed and deformed between the 
valve piston 1 8 and the retainer 47, and accordingly, the 
transmission of the repulsion force from the repulsion 
force piston 17 to the valve piston 18 is attenuated. 
so Therefore, the toggle ratio is increased, and the output 
by the output rod 25 is increased as indicated by line c- 
d in Fig. 4. 

[0039] When the output has reached the toggle limit 
point d, whereat the fully open state of the air introduc- 
55 tion valve seat 31 is continued, as is shown in Fig. 3, the 
front end of the valve piston 1 8 contacts with the stopper 
45 of the valve cylinder 10, and then, the boss 47a of 
the retainer 47 impelled rearward by the repulsion force 
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piston 1 7 is pressed against the large-diameter shaft 
portion 46a of the support shaft 46 of the valve piston 
18. 

[0040] Therefore, the output characteristic of the 
output rod 25 from the jumping point b to the toggle limit 
point d is approximately equal to the secondary curve 
ideal for effective braking. 

[0041] After the toggle limit point d passed, as indi- 
cated by line d-e in Fig. 4, the output of the output rod 25 
is the sum of the maximum thrust force produced by a 
pressure difference between the booster pistons 4 and 
6, and the strength of the input at the input rod 20. 
[0042] The coil spring 48 and the retainer 47, which 
are small parts, are fitted to the support shaft 46 of the 
valve piston 18 coupled with the input rod 20, and 
together with the input rod 20 constitute an assembly. 
Thus, during the assembly of the negative pressure 
booster B, the coil spring 48 and the retainer 47 can be 
mounted at predetermined positions on the valve cylin- 
der 1 0 at the same time as the input rod 20 is inserted 
into the valve cylinder 10. As a result, an efficient 
assembly operation can be implemented. 
[0043] Before the flexible piston 22 is mounted, the 
small, independent repulsion force piston 17 can be 
easily inserted into the small cylinder hole 1 6a from the 
front side of the valve cylinder 10. 
[0044] In addition, since the recessed portion 51, 
which accepts the distal end of the support shaft 46 at 
the time of the contraction of the coil spring 48, is 
formed in the rear end of the repulsion force piston 17. 
Thus, a satisfactory load bearing length of the support 
shaft 46 for the boss 47a of the retainer 47 is ensured, 
and interference with the support shaft 46 and the repul- 
sion force piston 17 can be avoided. 
[0045] Further, the coil spring 48 is mounted 
between the retainer 47 and the bottom of the recessed 
portion 1 8a in the front end of the valve piston 1 8, and a 
part of the spring 48 is accommodated in the recessed 
portion 1 8a. Thus, the comparatively long coil spring 48 
can be located in the narrow space between the valve 
piston 18 and the retainer 47, and the spring constant 
can be reduced. 

[0046] When the driver releases the depressing 
force from the brake pedal P in order to halt the braking 
of the vehicle, first, the input rod 20 and the valve piston 
1 8 are retracted by the force exerted by the input return 
spring 41 . In accordance with this, the valve piston 1 8 
cause the valve 34 to largely separate from the negative 
pressure introduction valve seat 30 while seating the air 
introduction valve seat 31 at the valve 34. Therefore, the 
operation chambers 2b and 3b can communicate with 
the negative pressure chambers 2a and 3a via the sec- 
ond port 29b, the annular communication path 32 and 
the first port 29a. As a result, the introduction of air into 
the operation chambers 2b and 3b is prevented. On the 
other hand, the air that is in the operation chambers 2b 
and 3b is absorbed in the negative pressure source V 
via the negative pressure chambers 2a and 3a, to 



thereby eliminate any pressure difference. And thus, 
since the booster pistons 4 and 6 are also retracted by 
the valve return spring 27, the operation of the master 
cylinder M is canceled. 

5 [0047] When the input rod 20 is retracted to a 
retraction limit that the stopper plate 40 is brought into 
contact with the inward flange 1 2a of the rear extending 
cylinder 12, the rear booster piston 6 is temporarily 
returned to the limit of the retraction, whereupon the 

w protrusion 7a of the rear diaphragm 7 is brought into 
contact with the rear wall of the booster shell 1. Then, 
since the negative pressure valve seat 30 is seated at 
the valve 34, and the valve 34 is separated from the air 
introduction valve seat 31, the air is again introduced 

15 into the operation chambers 2b and 3b. In addition, 
since the booster pistons 4 and 6 advance slightly due 
to an air pressure difference that is generated by the 
introduced air, the negative pressure valve seat 31 is 
also seated at the valve 34 and thus, the control valve 

20 38 is set to its original neutral state. In this manner, a 
negative pressure that has been diluted with air is held 
in the operation chambers 2a and 3b, and the negative 
booster B is set so it is in a quiescent state, as shown in 
Figs. 1 and 2. 

25 [0048] The present invention is not limited to this 
embodiment, and can be variously modified without 
departing from the scope of the invention. For example, 
the negative booster B can be a single-type using only 
one booster piston. Further, the stopper plate 40 for the 

30 input rod 20 and the inward flange 12a of the rear 
extending cylinder 12 may be not used, and when the 
negative pressure booster B is in a quiescent state, the 
negative pressure introduction valve seat 30 may be 
held open so that the operation chambers 2b and 3b 

35 communicate with the negative pressure chambers 2a 
and 3a. 

[0049] As is described above, according to the first 
aspect of the invention, a negative pressure booster 
includes: a booster shell; a booster piston, which is 

40 accommodated inside the booster shell, that functions 
as a partition and divides the interior of the booster shell 
into a front negative pressure chamber, which commu- 
nicates with a negative pressure source, and a rear 
operation chamber; a valve cylinder, which communi- 

45 cates with said booster piston; a valve piston, which is 
fitted into said valve cylinder and which can slide for- 
ward and backward; an input rod, which couples 
together the front and said valve piston; a control valve, 
through which, in accordance with the forward and 

so backward movement of said input rod, said operation 
chamber communicates with either said negative pres- 
sure chamber or an air space between said valve piston 
and said valve cylinder; an output rod, which is fitted 
into and slides inside the valve cylinder; a repulsion 

55 force mechanism, which is provided for said valve cylin- 
der, said valve piston and said output rod, and which 
includes a flexible piston that is located between said 
valve cylinder and said output rod, a repulsion force pis- 
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ton that is positioned facing said flexible piston on the 
side opposite said output rod and that has a smaller 
diameter than said flexible piston, and a spring that is 
positioned between said repulsion piston and said valve 
piston and that imposes a setup load thereon in the con- 
traction direction; and a stopper, which is provided for 
said valve cylinder to support the front end of said valve 
piston before the limit of the contraction of said spring is 
reached. When the stopper provided for the valve cylin- 
der holds the front of the valve piston, the toggle ratio is 
reduced less, and the output characteristic of the output 
rod can approximate the ideal secondary curve for brak- 
ing. As a result, operability can be improved. 
[0050] In addition, according to the second aspect, 
the support shaft projects outward from the front of the 
valve piston, and the spring is arranged between the 
valve piston and the retainer, which is coupled together 
with the support shaft, so that it slides along the support 
shaft at a constant stroke distance. The coil spring and 
the retainer, which are small parts, together with the 
input rod constitute an assembly. Thus, during the 
assembly process, the negative pressure booster, the 
small coil spring and the retainer can be attached to the 
valve cylinder at predetermined locations at the same 
time the input rod is inserted into the valve cylinder. As 
a result, an efficient assembly operation can be imple- 
mented. 

Claims 

1. A negative pressure booster comprising: 
a booster shell; 

a booster piston accommodated inside the 
booster shell and partitioning the interior 
thereof into a front negative pressure chamber 
communicating with a negative pressure 
source, and a rear operation chamber; 
a valve cylinder communicating with the 
booster piston; 

a valve piston fitted into the valve cylinder to be 
slidable in a forward and rearward direction of 
the valve cylinder; 

an input rod coupling with the valve piston at a 
front end thereof; 

a control valve switching communication of the 
operation chamber with the negative pressure 
chamber and with air in accordance with a for- 
ward and rearward movement of the input rod; 
an output rod slidably fitted into the valve cylin- 
der; 

a repulsion force mechanism provided among 
the valve cylinder, the valve piston and the out- 
put rod, the repulsion force mechanism includ- 
ing: 

a flexible piston interposed between the 
valve cylinder and the output rod; 



a repulsion force piston facing the flexible 
piston on the side opposite the output rod 
and having a small diameter than the flexi- 
ble piston; and 

5 a spring interposed between the repulsion 

force piston and the valve piston and 
imposing a setup load thereon in the con- 
traction direction; and 
a stopper provided in the valve cylinder 

10 and supporting a front end of the valve pis- 

ton before the spring is reached at the con- 
traction limit thereof. 

2. A negative pressure booster according to claim 1 , 
15 further comprising: 

a support shaft projecting from the front end of 
the valve piston; and 

a retainer coupled with the support shaft to be 
20 slidable along the support shaft at a predeter- 

mined stroke, 

wherein the spring is contractedly positioned 
between the valve piston and the retainer. 

25 3. A negative pressure booster according to claim 2, 
wherein the valve piston includes an annular piston 
portion having the front end contactable with the 
stopper, and a recessed portion receiving a part of 
the spring is formed between the piston portion and 

30 the support shaft. 

4. A negative pressure booster according to claim 2, 
wherein the retainer includes a boss portion sur- 
rounding around the support shaft and a flange por- 

35 tion contactable with one end of the spring. 

5. A negative pressure booster according to claim 2, 
wherein the repulsion force piston is formed with a 
recessed portion receiving a tip end of the support 

40 shaft. 



45 



50 



55 



7 



BNS0OCID: <EP 1090822A2_I_> 



EP 1 090 822 A2 




EP 1 090 822 A2 




BNSDOCIO. <EP 1090822A2J_> 



9 



EP 1 090 822 A2 



FIG. 4 




INPUT 



FIG. 5 




INPUT 



(19) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(H) EP 1 090 822 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

22.01.2003 Bulletin 2003/04 



(51) intci. 7 : B60T 13/563 



(43) Date of publication A2: 

11.04.2001 Bulletin 2001/15 

(21) Application number: 00119411.7 

(22) Date of filing: 12.09.2000 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 05.10.1999 JP 28425599 

(71) Applicant: NISSIN KOGYO CO., LTD. 
Ueda-shi, Nagano-ken (JP) 



(72) Inventor: Suwa, Toshiyuki 
Ueda-shi, Nagano-ken (JP) 

(74) Representative: HOFFMANN - EITLE 
Patent- und Rechtsanwalte 
Arabeliastrasse 4 
61925 Munchen (DE) 



(54) Negative pressure booster 

(57) A negative pressure booster comprises a repul- 
sion force mechanism 24 provided among a valve cyl- 
inder 10, a valve piston 18 and an output rod 25. The 
repulsion force mechanism 24 includes: a flexible piston 
22 positioned between the valve cylinder 1 0 and the out- 
put rod 25; a repulsion force piston 1 7 positioned facing 
the flexible piston 22 on the side opposite the output rod 



25 and having a smaller diameter than the flexible piston 
22; and a spring 48 positioned between the repulsion 
force piston 17 and the valve piston 18 and imposing a 
setup load thereon in the direction of contraction. In the 
valve cylinder, there is provided a stopper 45 supporting 
the front end of the valve piston 18 before the limit of 
the contraction of the spring 48 is reached. 
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